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Photocatalytic decomposition of 
dispiro(diadamantane- 1,2-dioxetane) 

initiated by Ce(C104)3 in the excited state 
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Photocatalytic decomposition of dispiro(diadamantane- 1,2-dioxetane) (1) to adamantanone 
(2) initiated by Ce(CIO4) 3 in the excited state in the MeCN--CHCI 3 (2 : 1) mixture was 
studied. The bimolecular rate constants of quenching kq were determined from the kinetics of 
quenching of Ce 3** by dioxetane at different temperatures. The Arrhenius parameters of the 
quenching were calculated from the temperature dependence of kq: E a = 3.2_+.0.3 kcal rap[ -I  
and logA = I 1.6+0.6. The quantum yields of photolysis of 1 depending on its concentration 
and the rate constant of the chemical reaction of Ce 3+* with 1 were determined. The latter 
coincides with kq.: kch = (2.6-L-0.3) - 109 L real -I s - t  (T = 298 K). The fact that the maximum 
quantum yield at decomposition of dioxetane is equal to I indicates the absence of physical 
quenching of Ce 3+* by dioxetane. It is believed that the electron transfer occu~ in the 
reaction of Ce 3+" with 1. Nonradiative deactivation of Ce 3.* in solutions of MeCN and in 
MeCN--CHCI  3 mixtures was studied. It is caused by the replacement of HzO molecules in 
the nearest coordination surroundings of Ce 3+ by solvent molecules and reversible transfer of 
an electron to the ligand. The activation parameters of the nonradiative deactivation of 
Ce 3"* were determined. 

Key words: photocatalysis, quenching, energy transfer, dioxetane, cerium perchlorate. 

t , 2 - D i o x e t a n e s  ( f o u r - m e m b e r e d  cyclic peroxides)  
d e c o m p o s e  in to  ca rbony t  f ragments  under  the ac t ion of  
UV or IR i r rad ia t ion ,  i,z T he  t ransfer  of  exci ta t ion  en -  
ergy from a d o n o r  to the  v ibra t iona l  te rms of  d ioxe tane  
also favors its d e c o m p o s i t i o n .  In these systems, the  
sensi t ized d e c o m p o s i t i o n  o f  peroxide  can  occur  with  a 
q u a n t u m  yield >1. 3,'1 Bo th  po lya romat i c  p romote r s  5 and  
l u m i n e s c e n t  me ta l  c o m p l e x e s  4,6 can  act as sensit izers.  
The  d e c o m p o s i t i o n  of  d i o x e t a n e  ini t ia ted,  e.g., by an  
excited e u r o p i u m  che la t e ,  is caused  by the  fo rmat ion  of 
a comp lex  and  by the  i n t r a c o m p l e x  t ransfer  of  energy 
from Eu lIX* to d i o x e t a n e  ( S c h e m e  1). The  energy re- 
leased in the  d e c o m p o s i t i o n  o f  d ioxe tane  results in the  
regenera t ion  of  exc i ted  Eu II1. and  its fu r ther  par t ic ipa-  
t ion in the  p h o t o c a t a l y t i c  process.  

D ioxe t ane  also d e c o m p o s e s  due  to reversible e lec-  
t ron t ransfer ,  for example ,  w h e n  a Ru 11 tr isdipyridyl 
comp lex  is i r rad ia ted  in so lu t ion  ( S c h e m e  2). 6 

Pho toca ta lys i s  by l a n t h a n i d e s  via S c h e m e  2 is the  
mos t  p robab le  us ing  Ce 3+, s ince  this  ion has the  lowest  
ox ida t ion  po ten t i a l  of  the  l an than ides .  The  p h o t o c h e m i -  
cal act ivi ty o f  c e r i u m  in the  reac t ion  with d ioxe tane  has 
been  previous ly  d e m o n s t r a t e d  7 using CeC13 as an ex- 
ample .  
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In the  present  work,  the  p h o t o d e c o m p o s i t i o n  of  
d i s p i r o ( d i a d a m a n t  a n e -  1 , 2 - d i o x e t a n e )  ( 1 ) to 
a d a m a n t a n o n e  (2) in i t ia ted by exci ted  c e r i u m  p e r c h l o r -  
ate ( S c h e m e  3) was s tudied.  
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Experimental 

Cerium(m) perehlorate (chemical purity grade) was puri- 
fied by recrystallization and dried in vacuo until the 
Ce(CIO4):1 �9 4H20 composition was achieved. Acetonitrile (spe- 
cial purity grade) and a MeCN--CHCI 3 (2 : 1) mixture were 
used as solvents. Chloroform was purified by distillation. 

Absorption spectra were recorded on a Specord M-40 
spectrophotometer. Photoluminescence spectra were recorded 
on an MPF-4 Hitachi spectrofluorimeter. Quantum yields of 
photoluminescence of Ce(CIO4)3 in MeCN and MeCN--  
CHCI~ were determined by a cerium standard. ~ The lifetime of 
Ce ~+ in the excited state was measured on a LIF-200 laser 
pulse fluorimeter Samples were irradiated in the cell chamber 
of the fluorimeter by light with k = 285:t:10 nm that was 
separated from the emission spectrum of a xenon lamp using a 
monochromator. The intensity of the light flux was determined 
by a ferrioxalate actinometer. 9 The volume of the solution 
irradiated was 2 mL. and the intensity of the light flux [ = 
9.5- I013 photon s - t .  

The concentration of 1 during phototysis was studied by 
the chemiluminescence method. The basis of the method is 
determination of the intensity of chemiluminescence (leE) 
under isothermal conditions. The intensity is proportional to 
the concentration of 1. At the initial moment and at specified 
intervals (t .5--2 h), an aliquot of the photolyzed solution 
(0.02 mL) was taken and placed in a cell containing MeCN 
(2 mL). Then the intensity of luminescence was monitored at 
constant temperature (80 ~ The time dependence of /CL 
corresponded to the kinetics of consumption of 1 during 
photolysis. The viscosity of the MeCN--CHCI3 mixture (q) 
was determined using a capillary viscosimeter. 

Results and Discussion 

Quenching of luminescence of Ce(CIO4)3 by dioxetane 
1 in MeCN and M e C N - - C H C I  3. The  absorption, exci- 
tat ion,  and luminescence  spectra of  Ce a+ perchlorate  in 
M e C N  are presented in Fig. 1. As can be seen in Fig. I, 
the absorpt ion spec t rum consists of  several diffuse bands 
at ~-rnax = 222. 235, and 265 nm and an inflect ion at 
252 nm. Accord ing  to the published data, s this corre-  
sponds to the par i ty-al lowed d ipole-d ipole  transit ions 
from the lower sublevel 2F5/2 of  the split term 2F of  the 
[Xe] 5s25p65d conf igurat ion of  the solvated Ce 3+ ion. It 
is no tewor thy  that the absorpt ion spectra are very. sensi- 
tive to the solvate surroundings of  the Ce ~+ ions. For  
example ,  the absorpt ion spect rum of  Ce 3+ in water 
consists of  six bands in the k = 200--300 nm region (see 
Refs. 10 and I1~, whose posit ions differ from those o f  
the bands o f  Ce(CIO4) 3 in M e C N  and in the M e C N - -  
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Fig. 1. Absorption (1), excitation (2--4), and luminescence 
(5 - -~  spectra of Ce(CIO4)k in MeCN--CHCI 3 (2 : I, v/v) at 
295 K. I, [Ce 3+] = 5" 10 - j  tool L -~, [1] = 5" 10 -3 tool L-l;  
2and 5, [Ce 3+1 = 5 " 10 -J tool L -I ,  in the absence of 1; 3and 
6, [Ce 3~1 = 5" 10 -3 tool L - I ,  [1] = 3" 10 -3 tool L-I;  4and 7, 
[Ce 3+] = 5" 10 -3 tool L -I ,  [1] = 5" 10 -3 tool L - t .  For 2--4: 
~m = 384 nm, ak = 2 nm. For 5--7: k~x c = 384 nm, AL = 
2 nm. 

CHC13 mixture.  This is associated with the exis tence of 
several forms of  the solvated ce r ium ion. In aqueous  
solutions, the main absorbing form is an ou te r - sphere  
complex of  Ce 3~" with an anion,  and water  is present  in 
the inner coordinat ion  sphere,  u In acetoni t r i le  solu- 
tions, acetonitri le is likely within the coordinat ion  sphere,  
which results in changes in the absorpt ion spectra.  The  
luminescence  spect rum (see Fig. l)  cor responds  to the 
2D(5d)--+2Fs/2(4f) and 2D(5d)-+2Fv/2(4f) t ransi t ions of  
Ce 3+ and is a diffuse band at kma x = 390 nm and a half- 
width zXk = 66 rim. The  l uminescence  spec t rum weakly 
overlaps the absorption spec t rum,  and the Stokes shift is 
equal to 1.2- 104 cm - l .  

The effect of  additives of  I on the exci ta t ion  and 
luminescence  spectra (see Fig. 1) indicates  that  the 
electronic  structure of  Ce J+ changes  after exci tat ion.  
This is likely associated with the a r rangement  of  the 
surroundings of  the rare-ear th  ion, i.e., the  absorbing 
and luminescent  forms of  Ce 3. in acetoni t r i le  solut ions 
differ. In a d d i t i m ,  in both the l uminescence  and exci ta-  
tion spectra, redistr ibution o f  the  intensi ty occurs  as the 
concent ra t ion  of  1 increases. This  indicates  that  Ce 3+* 
reacts with 1, a l though,  mos t  likely, the complex  is 
formed in the ground state as well. The  most  probable 
mechanism of  this rea r rangement  is inser t ion of  the 
anion and 1 into the first coord ina t ion  sphere  o f  the 
excited Ce 3§ ion to form a luminescen t  exciplex via 
Scheme  4 in which S is the solvent  mo lecu le  and A is 
the perchlorate  anion. 
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It is l ikely t ha t  the  r e a r r a n g e m e n t  of  the  su r round-  
ings o f  Ce 3+ occurs  due  to a sharp  change  in the 
proper t ies  and  sizes o f  the  e lec t ron ic  c loud  of  the rare-  
ear th  ion w h e n  an  e lec t ron  is t ransferred  from the  
shie lded 4f -she l l  to the t e rms  of  the [Xe] 5s25p66d 
conf igura t ion .  

The  l u m i n e s c e n c e  spectra  of  Ce 3+ in M e C N - - C H C I  3 
at dif ferent  t e m p e r a t u r e s  are presen ted  in Fig. 2. The  
shift of  the  l u m i n e s c e n c e  m a x i m u m  with t empera tu re  is 
not  grea ter  t h a n  6 cm - t  deg -~, and the  change  in the  
ha l f -width  is equal  to 2 cm -1 deg - t .  As can  be seen,  the  
in tensi ty  of  l u m i n e s c e n c e  of  Ce 3+ decreases  as the t e m -  
pera ture  increases .  

The  fo l lowing equa t i on  can  be wri t ten for the f luo-  
rescence in tens i ty  (IvL): 

IFL = ~kid[Ce3+*l, (I) 

where /~  is the  q u a n t u m  yield of  l uminescence ;  kid is the  
rate cons t an t  of  the  radiat ive deac t iva t ion  of  the Ce 3+" 
ion. 

In aqueous  so lu t ions ,  Ce(CIO4)  3 luminesces  with 
= 1. This  suggest  tha t  nonrad ia t ive  deac t iva t ion  of  the  
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Fig. 2. Luminescence  spectra for [Ce 3+] = 10 -2 rnol L-J: 
at 2c~5 (1), 315 (2), 318 (3), 323 (4), 327 (5), and 330 (63 K 
(ke~ c = 285 rim. AX = I nm) 

excited 2D(Sd)-s ta te  of  Ceaq 3+ is absent ,  and  the  q u a n -  
tum yield of  l u m i n e s c e n c e  and  l i fe t ime of  Ce  3+~' "rid = 
44 ns are t e m p e r a t u r e - i n d e p e n d e n t  in the range from I0 
to 80~  (see Ref. 11). In M e C N  and in the  M e C N - -  
CHCI  3 mixture ,  # < 1 and  d e p e n d s  on the  t e m p e r a t u r e  
(Table  I). This  indicates  t h a t  a nonrad ia t ive  c h a n n e l  of  
degrada t ion  of  the  exc i t a t ion  energy  appears  in the  
process of  the  deac t iva t ion  o f  Ce  3+* in these  solut ions.  
When  the  in tens i ty  of  the  exc i t ing  light is cons t an t  the  
q u a n t u m  yield of  l u m i n e s c e n c e  can  be d e t e r m i n e d  as 
the  ratio of  the  radiat ive c o n s t a n t  of  the  deac t iva t ion  
rate to the  sum of  the rate cons t an t s  of  radiat ive and 
nonradia t ive  (ka) deac t iva t ion :  

= kid 
~c,~ + Jq, (2) 

where  kid = l/Tid = 2.3" 10 7 L tool - l  s - I .  
The  t empe ra tu r e  c h a n g e  in ~ (Tables l and  2) is 

likely caused by the  c h a n g e  in kd. We ob ta in  from 
Eq. (2) tha t  

kd = k, d 1 - ,  , (3) 

The  k d values ca lcu la ted  f rom Eq. (3) for so lu t ions  in 
M e C N  and M e C N - - C H C I  3 are presen ted  in Tables  I 

Table 1. Emission yields r and rate constants of 
nonradiative deactivation k d of  Ce*(CIO4)3 in MeCN 
at different temperatures 

T/K ~9 k d �9 10--6/s - 1 

295 0.78 6.5 
308 0.66 I 1.8 
315 0.59 16.0 
318 0.54 19.6 
323 0.51 22.1 
326 0.46 27.0 
330 0.40 34.5 
341 0.30 53.7 
345 0.25 69.0 

,'Vote. The values of emission yields were determined 
with an error of +_5% 

Table 2. Emission yields r rate constants of nonradiative 
deactivation ~r and lifetimes of Ce'(ClO4)3 in MeCN--CHCI3: 
Stem constants K s and bimolecular constants kq for quenching 
Ce*(CIO4) 3 by dioxetane l at different temperatures 

T/K r k d . l0 -7 K s z 0 kq. l0 -9 
/s -I /L  mol -I  /ns /L  tool -I  s-:  

295 0.66 [.20 59 28 2. I 
315 0.60 1.53 58 25 2.3 
318 0.52 2.12 56 22 2.6 
322 0.43 3.04 53 18 3.0 
331 0.34 4.46 52 14 3.7 
335 0.30 5.37 50 13 3.8 

Note. The values of emission yields were 
error of • the vakles of  K s, ~o, and kq 
an error of -_3%. 

determined with an 
were calculated with 
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and 2. It was determined from the temperature depen- 
dence in the Arrhenius coordinates that Ea = 9.5• 
0.4 kcal tool - l  and logA = 13.8_+0.5 for solutions in 
MeCN and E a = 7.5--4-0.6 kcal mol -I and logA = 12.6• 
for the MeCN--CHCI 3 mixture. The significant differ- 
ences in E a suggest that the dynamics of the interaction 
between the solvent molecules changes as the tempera- 
ture increases. Since a hydrated salt was used for prepar- 
ing the solutions, H20 molecules were certainly present 
in the coordination sphere along with the solvent mol- 
ecules. Perhaps, in MeCN and MeCN--CHCI 3 the 
temperature dependences of ~ and, hence, of k d are 
associated with the replacement of H20 by MeCN and 
CHC13 in the coordination sphere and the nonradiative 
transfer of energy to the vibrational terms of the solvent 
molecules or with electron phototransfer followed by 
fast recharging: 

Ce 3' ' "  + M e C N  ,,. l e e  3 . ' ' .  M e C N ]  ., 

,,,, ICe 4 '  �9 M e C N - "  ] ,,,.. l e e  3" + MeCN] ,  (4) 

Co3 +-  ~- CHCl  3 ,,. [ C e 3 + ' - C H C I 3 ]  ,,, 

..~ [Ce 4 . . c H c l 3 - ' ]  - [Ce 3+" + CHCI3 ] . (5 )  

These processes are typical of quenching of Ce3+*. 1~ 
The addition of dioxetane 1 results in a general 

decrease in the intensity of luminescence of Ce J+ 
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Fig. 3. Temperature dependence of the intensity of lumines- 
cence of Ce(CIO4) 3 in MeCN (1) and in MeCN--CHCI~ (2-- 
/-3 in the presence of dioxetane I: 0 (2), 0.742. [0--' (_~, 
1.48- i0 -2 (4), 2.97' t0 -2 (3), 4.45. 10 -2 (6), and 
6.67. t0-" (7) tool t. -I 

(Fig. 3). The kinetics of quenching of Ce 3+* by dioxetane 
in Stem--Volmer coordinates is presented in Fig. 4: 

& / =  I + Xs[ l l ,  (6) 

where I 0 and I are the intensities of luminescence in the 
absence and presence of 1, K s = kqx0 is the Stern-- 
Volmer constant, kq is the bimolecutar rate constant of 
quenching, and T o is the lifetime of Ce 3+* in the absence 
of a quencher. 

It can be seen from the results presented in Fig. 4 
and Table 2 that the efficiency of quenching decreases 
slightly as the temperature increases, and K s is obtained 
in the linear region of the curve. The lifetime of 
Ce'(CIO4)3 in MeCN--CHCI  3 is equal to r 0 = 28 ns (at 
296 K), which is proportional to the change in the 
quantum yield of luminescence, i.e., it can be written: 

"rO T = ~0296@T/~ 296, ( 7 )  

where to T, r T0296, and 6296 are the lifetimes and the 
quantum yields of luminescence of C e  3"-* a t  the given 
temperature and at 296 K, respectively. 

The x 0 values at different temperatures and kq 
(see Table 2), which are lower than the diffusion con- 
stants at these temperatures, were calculated from 
Eq. (7): kd i  ff  = 8RT/3OOOq = 1.3" 10 t~ (296 K) and 
1.8. 10 ~~ (335 K) L mol - l  s -1. 

The positive deviation from the linear dependence in 
Fig. 4 can be related, first, to a static component in the 
quenching  process, i.e., to the format ion of a 
nonluminescent Ce 3+- 1 complex ira the ground state 
and, second, at high degrees of quenching and great 
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4 / o / 2  
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i o / ~  
/ 

t ' ~ 1 1 I ~ l 

2 4 6 [11" 102/mol L -~ 
Fig. 4. Quenching of Ce'(C[O4) 3 by dioxetane 1 in Stern-- 
Volmer coordinates at 295 (l) and 335 K (2). 
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S c h e m e  5 

' k n  
cea. hv= Ce3.,o + 1 X~ Co 3+*'1 ~ Co 4+-1-  " Ce 3+ + 2 + 2 

-k_l k 
kd [ Ce 3+. 1 " Co 3+ + 2 + 2 

- Ce 3+ + 1 
Co 3"*" + hv 

concent ra t ions  of the quencher ,  to a "seeming" static 
component .  In the latter case, the molecules of quencher  
1 are adjacent to Ce 3+*, i.e., 1 is present in the "quench- 
ing sphere" inside which the probability of  quenching is 
equal to unity. In this case, the modified Stern- -Volmer  
equat ion has the following form: 13 

10/1 = (I + kqr0[l])exp([l ] �9 V-N/1000), (8) 

where Vis the volume of the "quenching sphere" and N 
is Avogadro ' s  number .  

The radius of  the quenching  sphere was estimated 
from Eq. (8) using the data in Fig. 4. It turned out to be 
equal to 1 I .,~, which is greater than the sum of the radii 
of Ce 3'- and 1. 

S teady-s ta te  p h o t o l y s i s  o f  a s o l u t i o n  o f  Ce(C104)3 in 
the p r e s e n c e  o f  1. Unl ike  other lanthanides,  the quench-  
ing of Ce 3.* by dioxetane via an electron transfer mecha-  
nism should be the main  process. When the cerium ion 
is excited, it becomes a strongly reducing species, since 
the oxidation potential  E(Cel l I /Ce TM) = 1.4 V decreases 
by the value of the excitat ion energy: 14 

/?}(CelII'/Ce iv) = k~3(Celll/Ce Iv) - E" = -2.6 V. (9) 

Thus, the t ransformations of Ce 3** in the presence 
of 1 can be presented as Scheme 5 (kel is the electron 
transfer rate constant  and ken is the energy transfer rate 
constant) .  

It follows from Scheme 5 that 

(kc!~ + kr)k~ff 

where kq is the b imolecular  rate constant  of quenching  
of Ce 3§ by dioxetane,  kch is the rate constant  of the 
chemical  reaction of  Ce 3§ with 1, L mol - I  s - I ,  k~h = 
kcl t ken. 

Under  the condi t ion  that kel >> /ten, kch is deter- 
mined only by k=t. The rate constant  of the chemical  
reaction of Ce 3§ with I was obtained from the data on 
the kinetics of the consumpt ion  of 1 during steady-state 
photolysis. 

The q u a n t u m  yield of  the reaction of  Ce 3-* with 1 is 
the ratio of  the rate of  the deactivation of Ce 3+* result- 
log in the decompos i t ion  of 1 to the sum of the rates of  
its deactivat ion:  

O - - dill kd~[ll 
Mt k d + k q [ l ]  ' ( 1 1 ) 

One can obta in  from Eq. (11): 

I k d kq 
- -  - * - - .  ( 1 2 )  0 kcl,[! ] kcl ~ 

For the kinetics of the decomposi t ion  of 1, we have 

ka ln~lt +([llo-[l]t) =-.~q I . t k-~" (13) 

where [1]0 and [ l b  are the initial  and current  concent ra-  
tions of dioxetane. 

The kinetics of the c o n s u m p t i o n  of I at different 
initial concentrat ions and the l inear anamorphosis  of 
Eq. (13) are presented in Fig. 5. it was de te rmined  from 
the tangent of the slope of  the straight line that kch = 
(2.6_+0.3)" 109 L tool -I s - I .  

Tile values of the q u a n t u m  yields of the photocata-  
lyric decomposit ion of 1 were de termined from the 
equation 

o =  ,,,I11 
A[I- tl" (14) 

It was obtained that 0( •  = 0.43; 0.68; and 0.83 
at [1] = 0.01; 0.03; and 0.06 mol L - t ,  respectively. The 
maximum quan tum yield was de termined from the data 

y. t03 
1. t. 101/Einstein L -1 /tool L -t 
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Fig. 5. Kinetics of consumption of 1 during photolysis 
in MeCN--CHCI~ at [1] = 0.01 (I) ,  0.03 (2), and 
006 (3) moi L -~ (Ide~+l = 00 t  tool L -) .  T=  293 K); kinetics 
of decomposition of 1 in coordinates of Eq. (13) (4): 

v = k ,~  ~n t110 + ( i l l0  - I11 , )  
" kq Ill ,  
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Fig. 6. Dependence o1" the quantum yield of photodecomposi- 
tion of 1 on its concentration, iCe 3-] = 0.01 tool L -l .  

presented  in Fig. 6: r = kch/(kch "~" k f )  = t. This value 
indicates  that  there is no physical  quench ing  in the 
Ce 3+*. 1 comp lex  (kf = 0). 

A compar i son  o f  the rate constants  o f  the b imotecu-  
lar quench ing  (kq) and the chemica l  reac t ion  o f  Ce 3+* 
with 1 (/%h) indicates  that they are a lmos t  equal  wi th in  
the exper imenta l  error ,  i.e., kch = kq. Taking into ac-  
count  that kf = 0, we ob ta in  from Eq. (9): 

kdiff = K* = I+ keh 
k4 k-~ " (15) 

where /O is tile stability cons tant  o f  the Ce 3+" �9 1 c o m -  
plex, L moi  - t .  

The  exponent ia l  taw o f  tile decay  of  the lumines -  
cence  o f  Ce 3"* in the presence o f  I suggests that  the 
equ i l ib r ium of  c o m p l e x  forms o f  the [anthanide is estab- 
l ished over  a t ime that  is shor ter  t han  the l ifetime o f  
Ce 3+*, i.e,, k, d > k_ I. Thus,  the upper  boundary  /Q < 
200 L tool - I  at 296 K. 

The  values o f  Ea = 3.2_+0.3 kcal mot  -1 and togA = 
11.6_-+0.6 were  ob ta ined  f rom the Arrhenius  dependence  
o f  kq. This  agrees  with the ac t iva t ion  parameters  for the 
t empera tu re  d e p e n d e n c e s  o f  the rate constants  o f  the 
p h o t o i n d u c e d  e l ec t ron  trarLsfer. 15 The  results ob ta ined  
conf i rm the a s sumpt ion  that  in the react ion o f  Ce 3+* 
with 1 the e l e c t r o n  t ransfer  occurs  inside the coord ina -  
t ion sphere o f  Ce 3+* ( S c h e m e  6). 

The  transfer  o f  an e l ec t ron  to the an t ibondmg orbital  
o f  the O - - O  bond o f  d ioxetane  causes d ioxetane  to 
b e c o m e  dissocia t ive  and to cleave rapidly to give m o l -  
ecu le  o f  ke tone  2 and the radical an ion  o f  ketone.  16 The  
la t ter  is loca l ized  near  Ce 4+, and reverse e lec t ron  t rans-  
fer fo l lowed by the fo rmat ion  o f  Ce 3+ is preferred. In 

Scheme 6 

[Ce a * ' .  aS] + 1 = ICe a+ ' -  1 �9 nS] + (n - m)S 

= ICe 'v~ �9 1-" �9 mSl ~ [Ce '~+- 2 - ,2 "  mS] 

: [C.e a+ �9 2 . 2 "  m S ]  = 

. . . .  [Ce : > * . n S ]  + 2 2 

outer - sphere  e lec t ron  transfer,  the  radical  an ion  o f  ke- 
tone and Ce 4+ are rather r emo te .  In  this case,  the 
in terac t ion  o f  the radical an ion  wi th  1 a c c o m p a n i e d  by 
the transfer o f  an  e lec t ron  to the  d ioxe tane  mo lecu l e  is 
possible. As a result, the l imi t ing  q u a n t u m  yield o f  the 
decompos i t i on  o f  1 would be > 1, which  con t rad ic t s  the 
exper imenta l  data. 

The present work  was Hnancia l ly  suppor ted  by the 
Russian Founda t ion  for Basic Research  (Project  No .  96- 
03-33871). 
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